Peroxidase Activity in Normal and Neoplastic Melanocytes*  by Okun, Milton R.
Tna JOtOINAL OF INVESTIGATIVE DERMATOLOOT
Copyright 1967 by The Williams & Wilkins Co.
Vol. 46, No. 5
Printed in U.S.A.
PEROXIDASE ACTIVITY IN NORMAL AND NEOPLASTIC
MELANOCYTES*
MILTON R. OKIJN, M.D.
The complexity of melanin synthesis is re-
flected by the numerous divergent theories of
the past and present. One of the principal
problems preventing a full understanding of
melanin synthesis has been the inability to
chemically analyze melanin because of its in-
solubility (1). A further complicating factor
is the possibility that the composition of nat-
urally occurring melanin is not constant.
Bloch (2) believed that melanin synthesis
was mediated by a highly specific enzyme
which he termed dopa oxidase, and that only
epidermal cells contained this specific enzyme.
He believed that other cells showing the abil-
ity to oxidize dopa to pigment in vitro did so
because of the presence of polyphenoloxidase,
not specific dopa oxidasc. Therefore, Bloch
asserted that the dopa oxidase reaction was a
reflection of melanogenie potential only in
those cells which were negative for the NADI
reaction. Several of Bloch's contemporaries (3,
4) disagreed with this hypothesis. Oppenheimer
(3) asserted that the NADI reaction can also be
demonstrated in epidermal cells.
Currently, many of Bloch's concepts have
been superceded. For example, it is now gen-
erally believed that only melanocytes can syn-
thesize melanin, and that keratinocytes do not
have this capacity. Further, Bloch's theory that
the ability of cells to oxidize a tyrosine substrate
to melanin is non-specific, has been completely
reversed. Tyrosine is now believed to be the pre-
cursor of melanin and dopa is believed to be the
first intermediate compound. The ability of cells
to oxidize tyrosine to pigment in vitro is con-
sidered to be a more significant indicator of their
melanogcnic potential than their ability to oxi-
dize dopa to pigment.
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Nevertheless, Bloch's assumption that the
dopa reaction is "specific" only in certain cells
is still prevalent. For example, it is postulated
by some that peroxidase can produce a "non-
specific" dopa oxidase reaction which does not
reflect melanogenic potential (5, 6), and con-
versely, that dopa oxidase activity is a reflection
of melanogenic potential only in peroxidase-neg-
ative cells.
Recent histologic, histochemical and ultra-
structural studies in our laboratory (7, 5, 9)
have provided evidence suggesting that mast
cells can synthesize melanin and may be his-
togcnetically related to melanocytes.
In our original study (7) mast cells were
shown to be both dopa-positive and peroxidase-
positive, and critics of the theory that mast
cells can synthesize melanin suggested that the
dopa oxidase activity of mast cells may be
due to peroxidase. However, although this
question remains to be settled, our demon-
stration of peroxidase activity in epidermal
melanocytes and dermal nevus cells cast doubt
on the concept that the dopa oxidasc reaction
reflects melanogenic potential only in pcroxi-
dase negative cells.
This report is concemed with further observa-
tions of the peroxidase reaction in normal and
ncoplastic melanocytes and a comparison of
dopa oxidase activity with peroxidase activity
in these cells.
MATERIALS AND METHODS
The perozidase reaction and the dopa oxidase
reaction were performed on crytostat sections from
the following sources: a) normal human skin b)
human melanoma (1 case) c) Harding-Passey and
B16 murine melanomas d) lichen planus (1 case)
e) alopecia mucinosa (i case) f) seborrheic kerato-
ses (3 cases) g) blue nevi (3 cases) h) café au lait
spot (i case).
In addition, these reactions were performed on
whole mounts of normal abdominal epidermis from
fair-skinned Caucasions. The epidermis was sep-
arated from the dermis using the sodium bromide
technic of Staricco and Pinkus: the tissue was in-
cubated with 2N sodium bromide at 37 C for 1.5
hours (or at room temperature for 4 hours).
The dopa oxidase reaction was performed ac-
cording to the method of Laidlaw (10).
462 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
more widespread than the peroxidase reaction
in the basal melanocytes.
b) Human melanoma. Sections of one human
melanoma showed numerous foci of peroxidase
activity in the highly anaplastic tumor cells
as well as in smaller dendritic melanocytes
which were present in the tumor.
The dopa oxidase reaction revealed positive
cells with a distribution corresponding to that
of the pcroxidase-positive cells.
c) Mouse melanoma. In both the Harding-
Passey and B16 mouse melanomas many foci
of pcroxidasc-positive tumor cells were present
(Fig. 1). In addition, some well-differentiated
dendritic melanocytes showed a positive per-
oxidase reaction (Fig. 2).
The dopa oxidase reaction was also present
in many tumor cells. Comparison of adjacent
sections, reacted for dopa oxidase and perox-
idase, respectively, revealed some tumor nests
which were positive for both reactions, some
which were only peroxidase-positive, and
others which were only dopa-positive.
d) Lichen planus. In the ease of lichen planus
studied, many basal melanocytes were strongly
Fm. 1. Hardiog-Passey mouse melanoma. Per-
oxidase reactioo shows a positive group of large,
pleomorphic tumor cells. (X322)
The following modification of the peridoxase
method of DeRobertis and Grasso (11) was per-
formed: 1. Sections or epidermal sheets were pre-
fixed in acetone for ½ hour, after mounting on a
glass slide coated with albumin. 2. The slide con-
taining the whole mount or section was flooded
with 12 drops of ammonium molybdate for 5 min-
utes. 3. After the ammonium molybdate was
drained from the slide, it was flooded with 12
drops of saturated benzidine solution, followed by
the addition of 12 drops of 3% hydrogen peroxide.
The reaction was allowed to progress for 3 min-
utes. 4. An equal number of drops of hydrogen
peroxide were added, and the reaction was allowed
to progress for 3 more minutes. 5. The slide was
rinsed in distilled water and mounted in glycerine
jelly.
RESULTS
a) In perpendicular see fions of normal human
skin from both exposed and nonexposed areas
the peroxidase reaction in the melanocytes was
quite variable and in general rather infre-
quent. No pattern could be discerned regarding
the relative frequency of peroxidase-positive
melanocytes on exposed versus non-exposed Fm. 2. Harding-Passey mouse melanoma. Per-
oxidase reaction shows a group of strongly positive
skin. The dopa oxidase reaction was generally dendritic melanoeytes. (x322)
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positive for peroxidase. Adjacent sections, in-
cubated with dopa, showed a distribution of
dopa-positive basal melanocytes corresponding
to that of the peroxidase-positive melanoeytes.
e) Ala pecia mucinosa. The peroxidase re-
action showed many strongly positive basal
Fxo. 3. Café au lait spot. Peroxidase reaction
shows a strongly positive basal melanocyte. (X538)
melanoeytes in the affected external hair
sheaths, but only a few epidermal melanoeytes
with such activity. The dopa oxidase re-
action, performed on adjacent sections, showed
many weekly positive basal melanocytes in the
epidermis and many strongly positive basal
melanocytes in the affected external hair
sheaths.
f) Seborrheic keratoses. Sections of 3 pig-
mented seborrheie keratoses revealed no per-
oxidase activity in the epidermal melanocytes.
However, all 3 lesions showed some dopa-
positive epidermal melanoeytes.
g) Blue nevi. In all 3 lesions the peroxidase
reaction was strongest in dendritie, relatively
non-pigmented cells at the periphery of the
tumor mass. A few of the more heavily pig-
mented melanocytes also showed a positive
reaction.
The distribution of the dopa oxidase re-
action paralleled that of the peroxidase re-
action in the 3 lesions.
h) Café ou bit spot. In a café au lait spot oc-
casional basal melanocytes were peroxidase-
positive (Fig. 3). The dopa oxidase reaction
also showed positive basal melanocytes in
small numbers.
i) Whole mounts of normal epidermis. Whole
mounts of epidermis from abdominal skin of
fair-complexioned Caucasians (3 cases) showed
many peroxidase-positive cpidermal melano-
cytes (Fig. 4). The dopa oxidase reaction
paralleled the dopa reaction in all instances.
The ratio of peroxidase-positive melanocytes
Fm. 4. Whole mount of split epidermis. Per- oxidase reaction shows many positive melanocytes.
(X322)
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to dopa-positive melanocytes per high-powered
field varied from 90% to 110%.
DIScUSSION
The results of this study confirm our pre-
vious demonstration of peroxidase activity
in epidermal melanocytes. In addition, peroxi-
dase activity was demonstrated in melanoma
tumor cells and in the melanocytes of blue
nevi.
Peroxidase activity in epidermal melano-
cytes was more easily demonstrated in whole
amounts of detached epidermis than in per-
pendicular sections. The reason for this is not
clear. It is of interest to note, however, that
tyrosinase activity in melanoeytes is also more
readily demonstrated in split epidermis than
in perpendicular sections of whole skin (12).
The demonstration of peroxidase activity
in normal and neoplastie melanocytes casts
doubt on the theory that the dopa oxidase re-
action is a reflection of melanogenic potential
only in peroxidase-negative cells. However, the
relationship of peroxidase to the bistochemical
dopa oxidase reaction and to melanogenesis
in vivo remains to be clarified.
Van Duijn (13), on the basis of patterns of
enzymatic inactivation in granulocytes, be-
lieved that the dopa oxidase reaction and the
peroxidase reaction were produced by the same
enzyme. Basically, the ability of peroxidase
to produce a bistochemical dopa oxidase re-
action depends on its ability to act as an oxi-
dase towards dopa. Mason (14) has shown that
plant pcroxidase can act as an oxidase towards
tyrosine in an in vitro system containing
dihydroxyfumarate. However, no published re-
ports were found on the ability of peroxidase
to act as an oxidase towards dopa.
In our studies, the histoebemical dopa oxi-
dase reactions and peroxidase reactions did
not always parallel each other in melanocytes.
In some instances cells were dopa-positive and
peroxidase-negative, whereas in other instances
the reverse was true. These findings should not
be construed as proof that the histochemical
dopa oxidase and peroxidase reactions are due
to two separate enzymes or enzyme systems
since the observed disparity in distribution
could be due to differences in substrates and
indicators in the two tecbnics, with resultant
differences in threshold of observable re-
activity.
The role of peroxidase in catalyzing the
synthesis of melanin in vivo would depend
on its ability to act as an oxidase towards
both tyrosine and dopa. Mason (15) believes
that in some instances melanin synthesis may
be catalyzed by peroxidase in vivo, but that
the melanin resulting from this type of re-
action would differ chemically from the mel-
anin produced by tyrosinase catalysis.
It appears evident that clarification of the
relationship of peroxidase to the histoehemical
dopa oxidase reaction and to melanogenesis
in vivo depends on further biochemical studies.
sUMMARY
Peroxidase activity was demonstrated in
normal and neoplastie melanocytes. The pres-
ence of peroxidase activity in melanocytes
casts doubt on the assumption that the histo-
chemical dopa oxidase reaction reflects mel-
anogenie potential only in peroxidase-negative
cells.
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